Two new flavonol glycosides were isolated from the leaves of Triantha japonica, together with eight known flavonols, kaempferol 3-O-sophoroside, kaempferol 3-O-sambubioside, kaempferol 3-O-glucosyl-(1→2)-[glucosyl-(1→6)-glucoside], quercetin 3-O-sophoroside, quercetin 3-O-sambubioside, isorhamnetin 3-O-glucoside, isorhamnetin 3-O-sophoroside and isorhamnetin 3-O-sambubioside. The new compounds were identified as kaempferol 3-O-β-xylopyranosyl-(1→2)-[β-glucopyranosyl-(1→6)-β-glucopyranoside] (1) and isorhamnetin 3-O-β-xylopyranosyl-(1→2)-[β-glucopyranosyl-(1→6)-βglucopyranoside] (3) by UV, LC-MS, acid hydrolysis, and 1 H and 13 C NMR spectroscopy. Another two new flavonol glycosides were isolated from the leaves of Tofieldia nuda, and identified as kaempferol 3-O-β-glucopyranosyl-(1→2)-[β-glucopyranosyl-(1→6)-β-galactopyranoside] (4) and quercetin 3-O-βglucopyranosyl-(1→2)-[β-glucopyranosyl-(1→6)-β-galactopyranoside] ( 5). Though the genera Triantha and Tofieldia were treated as Tofieldia sensu lato, they were recently divided into two genera. It was shown by this survey that their flavonoid composition were also different to each other.
Species of the genus Tofieldia sensu lato (Tofieldiaceae) are distributed in the circumboreal and circumarictic regions. Recently, the genus was divided into two genera, Tofieldia sensu stricto and Triantha by molecular phylogenetic analysis [1, 2] . Triantha japonica (Miq.) Baker is endemic to Japan and was previously treated as Tofieldia [e.g . 3] .
Flavonoids of the genus Tofieldia s.l. have been reported from a few species. Quercetin and kaempferol were identified from acid hydrolyzed leaf extracts of Tofieldia calyculata (L.) Wahlenb. [4] and T. yezoensis Miyake & Kudo (= T. coccinea Richardson var. kondoi (Miyake & Kudo) H. Hara) [5] . Three flavonol aglycones, kaempferol 3-methyl ether, quercetin 3-methyl ether and quercetin 3,3´-dimethyl ether, were isolated as glandular exudates, together with several kaempferol and quercetin 3-O-glycosides as vacuolar flavonoids, from Tofieldia glutinosa (Michx.) Pers. var. brevistyla (Hitch.) C.L. Hitchc. {= Triantha occidentalis (S. Watson) B.R. Gates subsp. brevistyla (C.L. Hitchc.) Packer} [6] . However, complete identification of the flavonoid glycosides of Tofieldia and Triantha species has not been performed. In this survey, ten and two flavonol glycosides were isolated from the leaves of Triantha japonica and Tofieldia nuda, respectively, and identified by UV, LC-MS, acid hydrolysis, and 1 H and 13 C NMR spectroscopy. Of these compounds, two flavonoids from each of these species were shown to be new flavonol glycosides.
Ten flavonoids were isolated from the leaves of Triantha japonica (= Tofieldia japonica) as pale yellow powder. Flavonoid 1, after acid hydrolysis, liberated kaempferol, xylose and glucose, which were characterized by direct HPLC and either TLC (aglycone) or paper chromatographic (PC) (sugars) comparisons with authentic samples. It was shown by UV spectral survey with various shift reagents that the sugars are attached to the 3-position of kaempferol [7] , because the bathochromic shift increased markedly in intensity relative to the MeOH spectrum of Band I on addition of NaOMe. Coupling constant (J = Hz) assigned in parenthesis. *galactose than that of another glucose (δ 62.5), it was shown that either xylose or another glucose is attached to the 6-position of a glucose. The interglycosidic linkage in 1 was determined as xylosyl-(1→2)-[glucosyl-(1→6)-glucose] from HMBC correlation between the t-glucosyl anomeric proton at δ 4.86 and the C-6 signal of 3-glucose at δ 69.6, and the xylosyl anomeric proton at δ 5.61 and the C-2 signal of 3-glucose at δ 82.1. Moreover, attachment of a glucose to the 3-position of kaempferol was confirmed by HMBC correlation between a glucosyl anomeric proton at δ 6.27 and the C-3 signal of kaempferol at δ 134.6. They were confirmed by 13 C NMR (Table  2) , HSQC, HMBC, 2D NOESY and 2D COSY. Thus, 1 was identified as
Flavonoid 2 produced kaempferol and glucose by acid hydrolysis. It was shown by UV spectral and LC-MS survey that 3 mol of glucose is attached to the 3-position of kaempferol. The chemical shifts of the aromatic protons of kaempferol with their coupling constants were assigned by 2D COSY. Chemical shifts of the glucose moieties were observed in the region of δ 3.75-4.55. On the other hand, three anomeric protons resonated at δ 6.41 (d, J = 7.6 Hz), δ 5.59 (d, J = 7.7 Hz) and δ 4.84 (d, J = 7.7 Hz). Based on the observed coupling constants, the three sugars were determined to be in the β-pyranose form. In the 13 C NMR spectrum of 2, an obvious lower field shift of the C-2 and C-6 signals of 3-glucose at δ 83.2 and 69.5, showed the attachment of the other two glucose moieties to the 2-and 6-positions of 3-glucose. Moreover, in the HMBC spectrum, the anomeric proton signal of a glucose at δ 6.41 correlated to the C-3 carbon signal of kaempferol at δ 134.4, and the anomeric proton signals of the other two glucose units at δ 5.59 and 4.84 to the C-2 and C-6 signals of glucose at δ 83.2 and 69.5, showing that the two glucose units are attached to the 2-and 6-positions of 3-glucose. From the results described above, 2 was 
. This compound has been isolated from Glycine max (L.) Merr. However, its spectroscopic data were not given [12] , and so we present the NMR data in Tables 1 and 2. Flavonoid 3 liberated isorhamnetin, xylose and glucose by acid hydrolysis. It was shown by UV spectra that the sugars are attached to the 3-position of isorhamnetin, because the bathochromic shift increased in intensity relative to the MeOH spectrum of Band I after addition of NaOMe. The molecular ion peak at m/z 774 [M+H] + in the LC-MS showed the attachment of 1 mol xylose and 2 mol glucose to isorhamnetin. In the 1 H NMR spectrum, five isorhamnetin aromatic, a methoxyl, and sugar protons appeared ( Table 1 ). Three anomeric protons of the sugar moieties were assigned at δ 6.49 (d, J = 7.7 Hz, 3-glucose), δ 5.73 (d, J = 6.3 Hz, xylose) and δ 4.88 (d, J = 7.7 Hz, t-glucose), so that glucose and xylose were both determined to be in the β-pyranose forms, based on their observed J values. The interglycosidic linkage in 3 was determined as xylosyl-(1→2)-[glucosyl-(1→6)-glucose] from the HMBC correlation between the xylosyl anomeric proton at δ 5.73 and the C-2 signal of 3-glucose at δ 82.1 (Table 2) , the t-glucosyl anomeric proton at δ 4.88, and the C-6 signal of 3-glucose at δ 69.7. This was confirmed by COSY and NOESY. Thus UV spectral properties showed that 5 is a 5,7,3´,4´-tetrahydroxyl and 3-substituted flavonol, which was shown by the occurrence of the bathochromic shift, which showed a remarkable increase in intensity relative to the MeOH spectrum of Band I on addition of NaOMe. Quercetin, glucose and galactose, and quercetin 3-Ogalactoside were liberated by complete and mild acid hydrolyses, respectively. The molecular ion peak at m/z 787 [M+H] + in the LC-MS showed the attachment of 3 mol hexose to quercetin. In the The genera Tofieldia and Triantha have been classified as a single genus, Tofieldia sensu lato [3] . However, they were considered as independent genera by molecular phylogenetic analyses [1, 2] . Major flavonoids of Tofieldia nuda and Triantha japonica were based on flavonol 3-triglycoside. However, their flavonoid properties were slightly different. Kaempferol and quercetin 3-O-glucosylglucosylgalactosides were major flavonoids in T. nuda. On the other hand, kaempferol and isorhamnetin 3-Oxylosylglucosylglucosides were found in T. japonica, together with flavonol 3-O-sophorosides and 3-O-sambubiosides. Some species are recognized in the Tofieldia and Triantha [1, 2] . However, it was shown by our preliminary HPLC analyses that their flavonoid composition, e.g., Tofieldia coccinea Richardson and T. okuboi Makino, was different from those of T. nuda and Triantha japonica [Iwashina et al., unpublished data] . We are now in the progress of a more detailed flavonoid survey of the genera Tofieldia and Triantha.
